This study examined the effect of the scattering dose on the thyroid during a mammography examination. One hundred subjects for a mammography examination were enrolled in this study. The average glandular dose (AGD) and thyroid scattering dose (TSD) were measured. Statistical analysis was carried out using the percentage, t-test and co-variance. The mean radiation exposure to the breast and thyroid was 1.08 ± 0.16 and 0.14 ± 0.04 mGy, respectively. The percentage TSD to the AGD was 31.19%.
INTRODUCTION 1)
The number of people with breast cancer has been increasing at a rate of 10% a year. In particular, the incidence in patients aged twenty to forty years has increased rapidly due to lifestyle changes, increasing levels of obesity, low birth rate and breast-feeding, late marriage, and early a. Corresponding author; krdong@ghc.ac.kr menarche or late menopause [1] . Routine check-ups and self examination are considered essential for early detection. The National Health Insurance Corporation in South Korea recommends women aged 40 years and over undergo a screening test for breast cancer every second year [2] . However, this would increase the level of radiation exposure by mammography, which is a major concern considering its relationship with breast cancer [3] .
The thyroid gland is the first organ to be damaged by radiation because of its proximity to the breast and that it is affected by estrogen. There are many reports showing that breast cancer is related to thyroid gland diseases [4] [5] [6] [7] , nodular hyperplasia, hyperthyroidism and thyroid cancer. In other words, women with breast cancer generally have a disease of the thyroid gland [8, 9] . Radiation from a mammography examination can damage the thyroid gland. The aim of this study was to determine the effect of an average glandular dose by mammography on the thyroid gland. 
EXPERIMENTS

RESULTS AND DISCUSSION
Mean value of radiation exposure to breast and thyroid
Each level of radiation exposure to the breast and thyroid of the subjects is given in the appendix. Table 1 shows the mean and standard Note) a AGD=Glandular Scattering dose; b TSD= Thyroid Scattering Dose deviation to identify the AGD and TSD according to each position. The AGE value and TSD in a total of 100 people was 1.084 ± 0.169 mGy and 0.149 ± 0.047 mGy, respectively. Figure 2 shows the sampling components concerning the differences in the AGD to TSD. The mean AGD and TSD were 1.1 mGy and 0.15 mGy, respectively.
The percentage of TSD to AGD in the 100
subjects Table 2 shows the percentage of TSD to AGD.
The level of exposure to the thyroid was estimated to be 13.78% using the formula, (TSD Mean/AGD Mean)x100, assuming the mean level of radiation exposure to the breast is 100%.
3.3
The relationship between Rt. and Lt., and
CC to MLO
There was no difference between the Rt. and Lt., and CC to MLO in the AGD and TSD (Table 3 ).
The difference in radiation exposure between the AGD and TSD
The percentage radiation exposure to the AGD and TSD compared to the breast was 15.54% and 31.19%, respectively ( Table 4 ). The percentage was calculated using the formula, (SD/Mean)x100.
Discussion
Radiation exposure during a medical treatment has been given a great deal of weight when determining the level of artificial radiation exposure [10, 11] . The ICRP (ICRP publication 60 in 1991) reported that there was no lower limit of the radiation dose in a medical treatment for optimal treatment and the protection of patients. The risk increases with the increasing level of radiation exposure, and it is believed that there is no threshold dose of risk [12, 13] . The ICRP (2007), which is an international organization of radiation protection, reported that < 3 mGy was the average glandular dose from mammography in the direction of the breast (50% lipid, 50% genetic) pressed as much as 4.2 cm in a Mo target+Mo filter, film/screen system, and imaged in the up and down directions [14] . They recommended that the glandular dose be < 2 mGy or 1.5 mGy. Therefore, measures need to be taken to decrease the level of radiation exposure to patients [15] .
The thyroid is near the breast and is closely related to the organ controlling hormones. There is supporting evidence showing a great deal of radiation exposure to the thyroid and effect the scattering dose on the thyroid during mammography. This study found that the thyroid was exposed to 13.78% of the average glandular dose. Patients change their posture 4 times when they undergo a mammography examination. Therefore, the thyroid receives 55.12% of the AGD.
A difference of 31.19% in TSD between patients suggests the possibility that patient A can receive 1 mGy but patient B receives 31 mGy, even though they were both exposed to a dose of 100 mGy. This means that the scattering dose increases with increasing radiation exposure depending on the condition of the breast (a thickness of compression, density, mass, and type and existence or nonexistence of the prosthesis).
The amount of the radiation cannot be ignored.
The ICRP publication (2007) reported that the level of the radiation exposure to the thyroid should not exceed 3 rem in a single year in a nonprofessional situation.
Some people believe that the level of the scattering dose from the breast is very small but the total volume is increased under the following conditions: when a follow up study is performed every 3-6 months, when magnification or a spot test and stereotactic biopsy is carried out after mammography, and taking the mammography many times at a single part of the breast. Although mammography is taken once a year, CT or angiography using radiation, which is performed continuously, does not affect the level of radiation exposure to the thyroid.
There is a 30-fold difference in scattering dose to the thyroid between old and new models of mammography equipment. Indeed, the management of radiation must be completely controlled. It is recommended that steps be taken to protect the thyroid from the scattering dose. In addition, there is a need for government regulation to limit the level of radiation exposure from medical centers or health care providers. Primarily, the radiology technologist will play a key role in limiting the level of radiation exposure. These results highlight the need for a thyroid protector while obtaining images at various positions (Fig. 3) .
CONCLUSIONS
The thyroid was exposed to 13.78% of the AGD. The results suggest that the thyroid is exposed to 55.12% of the scattering dose during a single routine mammography examination. The scattering dose to the thyroid increases with increasing radiation exposure to the breast. It is suggested that a thyroid protector be used to decrease the level of the radiation exposure.
